We present the results of clustering analysis on the z ∼ 2 star-forming galaxies. By combining our data with data from publicly available archives, we collect g-, z B /z-, and K-band imaging data over 5.2 deg 2 , which represents the largest area BzK/gzK survey. We apply colour corrections to translate our filter-set to those used in the original BzK selection for the gzK selection. Because of the wide survey area, we obtain a sample of 41,112 star-forming gzK galaxies at z ∼ 2 (sgzKs) down to K AB < 23.0, and determine high-quality two-point angular correlation functions (ACFs). Our ACFs show an apparent excess from power-law behaviour at small angular scale (θ 0.01
INTRODUCTION
Exploring galaxy formation and evolution is one of the most important issues in modern astronomy. The structure formation model suggesting that more massive objects in the Universe were rapidly assembled, and star formation activities were completed in an early epoch is known as "downsizing" (e.g., Cowie et al. 1999) ; however, it is not clear when and how the specific precesses in this evolutionary model occurred. The physical processes between baryons in the dark matter halo are so complex that it is not known how the luminous objects that we are able to observe directly were formed in the highly dense dark matter halo.
To approach these issues, it is important to determine properties of galaxies, including the dark halo mass, the stellar mass, the star-formation rate (SFR), and the morphology over cosmic time, and to compare these quantities with theoretical models. The dark halo mass of galaxies is a particularly important parameter to trace the mass assembly history of galaxies because, according to the ΛCDM ⋆ E-mail: shogo.ishikawa@nao.ac.jp model, dark haloes grow monotonically with cosmic time by merging, irrespective of the baryon processes. However, measuring the mass of the dark halo is not straightforward. One of the most effective methods to determine the mass of dark haloes is to use the galaxy clustering strength. Various studies have revealed the dark halo mass in the distant Universe (e.g., Kashikawa et al. 2006; Hildebrandt et al. 2009; Jose et al. 2013) as well as in the local Universe (e.g., Zehavi et al. 2005; Zheng et al. 2007 ); however, this method requires a large number of samples in order to measure the clustering strength of galaxies, which has been a problem for z ∼ 2 galaxies.
The distinctive spectral features of galaxies at z ∼ 2 are red-shifted from optical wavelengths to near-infrared (NIR) wavelengths. Wide-field NIR observation using groundbased telescopes is complicated because of the limited physical size of the NIR detectors and (with the exception of some atmospheric windows) poor sky transparency, as well as strong OH airglow emission lines and thermal emission. For this reason, wide-field galaxy survey data are lacking at z ∼ 2 (this commonly referred to as the "redshift desert"). Recent observations have shown that z ∼ 2 is an important era in galaxy formation and evolution. For example, star formation in galaxies peaked at 1 < z < 2 (e.g., Hopkins & Beacom 2006; Burgarella et al. 2013) , galaxy mass rapidly assembled at 1 < z < 3 (e.g., Arnouts et al. 2007; Pérez-González et al. 2008; Santini et al. 2009; Ilbert et al. 2010) , and the number density of QSOs peaked at z ∼ 2 (e.g., Palanque-Delabrouille et al. 2013) .
A powerful method to select unbiased data with high completeness z ∼ 2 galaxies has been proposed, namely the "BzK selection" technique (Daddi et al. 2004 ). The BzK selection method requires only B-, z-, and K-band photometric data, and enables us to select both star-forming BzKs (hereafter sBzKs) and passively evolving BzKs (hereafter pBzKs) simultaneously in a single colour-colour diagram.
However, a precise clustering analysis of BzK galaxies requires a large number of galaxy samples and has not yet been performed due to the difficulties in obtaining wide-field K-band imaging data.
A number of studies have attempted to reveal the clustering properties of BzK galaxies. Kong et al. (2006) constructed BzK galaxy samples over 1200 arcmin 2 . They conducted the clustering analysis of sBzKs and pBzKs and concluded that pBzKs are more strongly clustered than sBzKs, suggesting that the morphology-density relation seen in the local Universe must already have been in place at z ∼ 2. Hayashi et al. (2007) carried out a deep BzK galaxy survey in the Subaru Deep Field to investigate the properties of faint sBzKs and reported that the clustering strength of sBzKs depends on the K-band luminosity. McCracken et al. (2010) succeeded in constructing a large number of BzK galaxy samples in the COSMOS field over 1.9 deg 2 down to K < 23.0 and carried out a precise clustering analysis. Wide survey area and multiwavelength data from the COSMOS survey enabled them to determine the comoving correlation length for both sBzKs and pBzKs, respectively. More recently, Bielby et al. (2014) reported the clustering properties of z ∼ 2 galaxies by splitting the galaxy samples into star-forming galaxies and passive galaxies based on the photometric redshift and galaxy colour. They revealed that passive galaxies are more strongly clustered than are star-forming galaxies; however, very massive starforming galaxies (M⋆ ∼ 10 11 M⊙) exhibited comparable clustering strength to passive galaxies. Their clustering analysis of star-forming galaxies at z ∼ 2 was, however, confined to massive galaxies because of a shortage of galaxy samples at z ∼ 2. Béthermin et al. (2014) succeeded in calculating the dark halo mass of sBzKs for wide mass range (10 10.4 M⊙ < M⋆ < 10 11.4 M⊙) using both galaxy clustering and HOD analyses in the COSMOS field. The dark halo masses determined using both methods were in good agreement and were consistent with the predictions of semianalytic models. They calculated the dark halo mass at z ∼ 2; however, the clustering analysis used had a poor signal-to-noise (S/N) ratio, especially at the large angular scale (θ 0.1 • ), which made it difficult to determine the dark halo mass accurately.
In this paper, we report a largest-ever wide-field galaxy survey over ∼ 5 deg 2 down to KAB < 23.0 using g-band data instead of B-band data (we term our sample galaxies "gzKs") and performed the clustering analysis of starforming gzKs (hereafter sgzKs) with a significantly higher S/N ratio than has been reported previously. Because of the large number of sgzK samples, we are able to divide our sgzK samples into subsamples according to the K-band luminosity, and we investigate the clustering properties of each subsample. Our very wide survey area makes it possible to constrain the dark halo mass because we were able to determine an accurate angular correlation function at large angular scales, which is essential to determining the dark halo mass accurately. In this paper (paper I), we describe the measurement of the angular correlation function of starforming galaxies at z ∼ 2 based on this large sample, and the dark halo mass is determined using angular correlation functions. Additionally, we carried out a halo occupation distribution (HOD) analysis on the sgzKs, and we determine the distribution of galaxies in the dark haloes for each Kband limiting magnitude, which will be described in paper II.
The framework of this paper is organized as follows. In Section 2, we give details of the data that were used as well as the method employed to construct the K-selected and sgzK catalogues. We describe the method used to correct for differences in the filter transmissions between our gzBK filters and the VLT-BzK filters (Daddi et al. 2004) . In Section 3, we describe the method to conduct clustering analysis using the angular correlation function. Taking advantage of the large number of sgzK samples, we resample the sgzK samples into subsamples according to the K-band magnitudes to investigate the clustering properties. The results of our clustering analysis of sgzKs are discussed in Section 4, and we give a conclusion in Section 5. All magnitudes and colours are in the AB system. Throughout this paper, we assume flat lambda cosmology (Ωm = 0.3, ΩΛ = 0.7), the Hubble constant is h = H0/100 km s −1 Mpc −1 = 0.7, and the normalization of the matter power spectrum is σ8 = 0.8. Assuming these cosmological parameters, the age of the Universe at z = 2 is ∼ 3.22 Gyr, and 1 arcsec corresponds to 8.37h −1 kpc in the comoving scale.
DATA

Photometric Data
We collected wide-field imaging data by using both our own data and publically available archival data. Photometric data describing the K-band were obtained from the archives of the United Kingdom Infra-Red Telescope (UKIRT) Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ) in the Deep Extragalactic Survey (DXS). The UKIDSS data were acquired using the Wide Field Camera (WFCAM), which is composed of four 2, 048 × 2, 048 pixel detectors, with a separation of 12. ′ 8 between detectors. Each detector covers 13.
′ 65 × 13. ′ 65 of the sky at a pixel scale of 0. ′′ 187 pixel −1 . The central wavelength and the full-width at half-maximum (FWHM) of the K-band of the WFCAM are λc = 2.2µm and FWHM = 0.34µm, respectively.
We obtained zB-band photometric data during the course of another observational program (Kashikawa et al. 2015) using the Subaru Telescope/Suprime-Cam from June 22 to June 24, 2009. Suprime-Cam is a wide-field imaging instrument covering 34 ′ × 27 ′ of the sky at a pixel scale of 0.
′′ 22 pixel −1 . The zB-filter (λc = 8, 842Å, FWHM = 689Å) is a custom-made filter that divides the SDSS zband filter at 9, 500Å and their bluer one (Shimasaku et al. (Lawrence et al. 2007 ). Here, 3 deg 2 of the VIMOS/DXS field was covered by 13 Suprime-Cam field-of-views (FoVs). We adopted a common dithering circle pattern comprising a full cycle of dithering consisting of 5 pointings. The total integration time was 1, 800 seconds per FoV. The sky condition was very good, with a seeing size of 0.
′′ 6. Photometric calibration was carried out using the spectroscopic standard stars GD153 and Feige110. The data were reduced using the pipeline software package SDFRED (Yagi et al. 2002; Ouchi et al. 2004a ). The package includes bias subtraction, flat fielding, a correction for image distortion due to the prime focus, PSF matching, sky subtraction, and mosaicking.
We also retrieved z-band photometric data from the SMOKA data archive server (Baba et al. 2002) to extend the survey field to 5.2 deg 2 . These data satisfy the conditions that they connect continuously to our zB-band field, and the limiting magnitude is comparable to our zB-band data. The z-band data were obtained using the Subaru Telescope/Suprime-Cam.
We retrieved g-band images, which cover the entire field where K and zB/z images are available, using the CanadaFrance-Hawaii Telescope Legacy Survey (CFHTLS; Gwyn 2011) archival data instead of using B-band. The CFHTLS data were acquired using the CFHT MegaCam, which covers 57.
′ 6 × 56. ′ 4 of the sky at a pixel scale of 0. ′′ 187 pixel −1 , where the central wavelength and FWHM of the g-band of MegaCam are λc = 4, 870Å and FWHM = 1, 450Å, respectively.
We collected (g, zB, K) bands of imaging data over 3.2 deg 2 and (g, z, K) bands over 2.0 deg 2 . The survey field of this study covers 5.2 deg 2 , comprising the above two regions with different imaging datasets. Fang et al. (2012) showed that star-forming and passive galaxies at z ∼ 2 are also able to be selected using the (g − z) and the (z − K) colours, which is similar to BzK colour selection. They constructed sgzK and pgzK samples by modifying the original BzK colour-selection criteria and validated their criteria using the stellar population synthesis model (Bruzual & Charlot 2003) . We applied a similar gzK selection process to our data, although colour correction from our (g − zB) data to the VLT-(B − z) data is required, as only the zB-band is available.
K-selected Catalogue
The g-and zB/z-band images were matched to the geometry of the K-band image using the IRAF task geomatch. Object detection and photometry were carried out using SExtractor, version 2.8.6 (Bertin & Arnouts 1996) . Following object detection in the K-band, we used SExtractor in "doubleimage mode" to measure the object fluxes in the g-and zB/z-bands with 2 ′′ aperture photometry. The size of the unit image was ∼ 4, 170 × 4, 170 pixels, which corresponds to ∼ 27 ′ .8 × 27 ′ .8. We carefully conducted masking on the low-S/N regions, such as near the edges of the images and close to the saturated objects, to remove objects with an uncertain flux. The number of masks was 690 over the field, and the effective survey area was 4.8 deg 2 . We detected 339,581 objects in our field after masking.
The limiting magnitudes were measured with a 3σ, 2 ′′ aperture in AB magnitude. We used the IRAF task limitmag in SDFRED to determine the limiting magnitudes and applied averaged data as limiting magnitudes in each band. Table 1 lists a summary of the limiting magnitudes and the areas covered by each band. These limiting magnitudes were almost identical (δ mag ∼ 0.08) over the entire field.
Band Corrections
We used the BzK selection method to select z ∼ 2 galaxy samples; however, the filter set of our data differed slightly from the VLT-BzK filter set (Daddi et al. 2004) . Figure 1 shows a comparison of the transmission of our gzBK-filters with that of VLT-BzK filters. When adapting our gzBK data to the VLT-BzK data, careful correction for differences in the filters is essential to adequately select z ∼ 2 galaxies and to compare the results. Daddi et al. (2004) used the Ks-band (Skrutskie et al. 2006 ), whereas we used K-band imaging data from the UKIDSS archive. We used the following conversion equation (Carpenter 2001 ) between these filters:
J-band imaging data were also retrieved from the UKIDSS archive, as both K-band photometric data and J-band magnitudes were available. To simplify the notation, we hereafter describe the Ks-band magnitudes converted from K-band magnitudes using equation (1) as "K". Following conversion of the K-band magnitudes, we limited our K-selected catalogue to K = 23.0, which corresponds to a 70% completeness cut (see Section 3.3). We extracted all galaxies from our catalogue using the BzK diagram (see Section 2.4), and sorted them in magnitude bins from K = 16.0 to K = 23.0 with δK = ±0.25. Figure 2 shows a comparison of the number counts of our K-selected galaxies with previously reported studies. Our K-selected catalogue is consistent with previous works.
The BzK selection technique selects z ∼ 2 galaxies in the colour-colour diagram of (B − z) versus (z − K). We attempted to carry out colour conversion from (g−zB), (g−z), and (zB − K) to (B − z) and (z − K) following K-band magnitude conversion. First, to correct for differences between the zB-band and the z-band, we simultaneously measured the zB-and the z-band fluxes for the stars in the ∼ 0.22 deg 2 region, where photometric data are available for both, and derived the following conversion equation:
using a least-squares regression method.
In the same way, we determined the following expressions for conversion:
and
respectively. We employed the public photometric catalogue of the COSMOS survey, in which g-, B-, and z-band photometries are available, to derive the equation (3).
McCracken et al. (2010) introduced empirical relations to translate (B − z) colour derived by the Subaru/SuprimeCam data to (B − z) colour derived by the VLT for objects with (B − z) Subaru < 2.5,
( 5) and with (B − z) Subaru 2.5,
Using these empirical relations and equation (3), we obtain the relations that convert from the Subaru-(g − z) colour to the VLT-(B − z) colour for objects with (g − z) < 2.13,
and with (g − z) 2.13,
To convert from the Subaru-(g − zB) colour for objects with (g − zB) < 2.16,
and with (g − zB) 2.16,
We validated these colour convention equations by using simulated galaxy spectral energy distribution (SED) models. The various SED models of galaxies were generated by varying physical properties such as the star-formation history, the SFR, the age, and the dust extinction using the stellar population synthesis models (Bruzual & Charlot 2003) . We used the dust extinction law of Calzetti et al. (2000) . We determined the (g − zB) and (zB − K) colours from those SEDs, and translated them to the (B−z) and (z−K) colours using the relations presented above, and then traced the redshift evolution on the colour-colour diagram. We found that star-forming galaxies and passively evolving galaxies at 1.4 z 2.5 with our band corrections met the original selection criteria proposed by Daddi et al. (2004) .
gzK Selection Method
We constructed the z ∼ 2 star-forming galaxy samples by applying the BzK selection method. We term our BzK selection method the "gzK selection" method, and we select star-forming galaxy samples as sgzKs because we use g-band photometric data instead of B-band data.
The criterion used to select the sBzK galaxies proposed by Daddi et al. (2004) is given by
and that for pBzK is given by
We applied these original criteria after converting (g, zB, z, Ks) photometric data to (B, z, K) photometric data using equations (2) and (7) ∼ (10). Figure 3 shows a colour-colour diagram for all the objects down to K = 23.0 in our VIMOS4 field, where the blue and red dots represent the sgzKs and pgzKs, respectively. The number of selected sgzKs was N(sgzKs) = 41,112, and the number of pgzKs was N(pgzKs) = 1,313. Our g-band photometry was too shallow to detect all of the pgzK galaxies, which had very red (g − z) colour (at least g − z > 2.7); therefore, we consider only the sgzKs galaxies. It should be noted that the g-band limiting magnitudes of non-detected objects in the g-band were replaced by the 2σ limiting magnitude in the g-band, whereas non-detected objects in the zB/z-band were removed from our catalogue because their locations in the colour-colour diagram were uncertain. Figure 4 shows a comparison of the number count between the sgzK and sBzK galaxies from our data and from previous studies. After correcting the completeness (see Section 3.2), our data were found to be consistent with almost all previous studies. Table 2 lists a summary of the number count of our sgzKs. Our results were in agreement with almost all previous studies and were in particularly good agreement with the data reported by McCracken et al. (2010) . Our study and McCracken et al. (2010) are particularly in good agreement each other, while other previous studies have slightly higher number counts than our study. This might be caused by their small survey area.
On the other hand, the bright end of our sgzK number count showed an excess compared with these data reported by Blanc et al. (2008) and Hartley et al. (2008) . Our very wide survey field enabled us to detect quite rare bright sgzKs at K 19.
In our colour-colour diagram, there are some anomalous features. First, in the sgzK region, the sharp vertical line at (B − z, z − K) ∼ (1.0, 2.6) to ∼ (1.0, 3.3), which is originated from the non-detected objects in the g-band, can be seen. The z/zB-band magnitudes of the objects on this line are so close to the limiting magnitude that the (B − z) colour is nearly constant. We note that the (B − z) colour was converted from original (g − z) and (g − zB) colours by equation (7) and (9). In addition, a coherent line is seen from (B − z, z − K) ∼ (1.0, 2.6) to ∼ (4.0, 0.0) in the diagram. This line is caused by the limiting magnitude in K-band, making the constant (B − K) colour.
As shown in Figure 4 , the number count of our sgzK sample is consistent with the previous results, suggesting that these anomalous features do not largely affect the sgzK selection; however, g-band faint pgzKs, which show stronger correlation, especially at the small angular scale, than sgzKs (e.g., McCracken et al. 2010; Zehavi et al. 2011) , could come into the sgzK sample. To estimate the contamination of gband faint pgzKs in our sgzK sample, we use the K-selected photometric redshift (photo-z) catalogue in the COSMOS field (Muzzin et al. 2013) , which is approximately 1.0 magnitude deeper than our sample. We extracted sgzKs and pgzKs from COSMOS photo-z catalogue by applying our filter correction to that catalogue and the same colour selection criteria. Then we evaluated how many pgzKs are incorrectly selected as sgzKs by replacing g-band magnitudes by the 2σ limiting magnitude when the objects were fainter than the 2σ limiting magnitude. The contamination fractions of each limiting magnitude were found to be f pgzK 22<K<23 = 8.8%, f pgzK 21<K<22 = 8.8%, and f pgzK 18<K<21 = 6.0%, respectively. Therefore, we concluded that the contamination from pgzKs to our sgzK sample is not substantial. A colour-colour diagram of our VIMOS4 field. The blue, red, green and orange dots represent sgzK galaxies, pgzK galaxies, other galaxies and stars, respectively. Comparison of the number counts between our sgzK galaxies (red) after completeness correction and the sBzK galaxies of the previous studies. Green crosses, orange uptriangles, purple downtriangles, cyan squares and blue stars correspond to Kong et al. (2006) , Lane et al. (2007) , Blanc et al. (2008) , Hartley et al. (2008) and McCracken et al. (2010) , respectively.
CLUSTERING ANALYSIS OF SGZK GALAXIES
Angular Correlation Function
The angular correlation function (hereafter ACF) is a useful indicator of the clustering properties of galaxies. The ACF ω(θ) is defined as the probability P that a pair of galaxies exist within solid angles δΩ1, δΩ2 with a separation angle θ on the plane of the sky, and is given by 
wheren represents the average surface density of galaxies. We used the standard estimator proposed by Landy & Szalay (1993) , i.e.,
where DD, DR, and RR are the number of galaxy-galaxy, galaxy-random, and random-random pairs within the angular range θ − δθ/2 < θ < θ + δθ/2, respectively, and are normalized to the number of all galaxy-galaxy, galaxy-random, and random-random pairs. We note that θ is in units of degrees. We set the angular bin from log(θ) = −3.6 to log(θ) = 0.2, with a bin size δlog(θ) = 0.2 to determine the ACF for sgzKs galaxies. We generated 300,000 random points homogeneously over the survey field in order to reduce the Poisson error. The random points were distributed to avoid the masked region, which we used when obtaining sgzK galaxy samples.
The ACF is generally given in power-law form, i.e.,
We applied a fixed power-law gradient at large scales with γ = 1.8 to compare the results with those of previous studies (e.g., Hayashi et al. 2007; Blanc et al. 2008) . It is well known that the ACF reported by Landy & Szalay (1993) is biased due to the "integral constraint" caused by the limitations of the observation field. The integral constraint is given by
We can estimate the integral constraint as follows:
provided that the ACF has already been obtained for each angular bin (Roche & Eales 1999) . The bias-corrected ACF is given by subtracting the integral constraint, i.e.,
The integral constraint in the VIMOS4 field was C = 1.18. The error in the ACF was estimated using the bootstrap method as follows. We randomly resampled our sgzK galaxies, allowing for redundancy and calculated the ACF at each step, repeating this 300 times. The uncertainty in each angular bin was determined from the root mean square of all of the bootstrap steps.
To confirm the validity of the homogeneity, we check the ACF of stars in our sample. The distribution of stars can be regarded as random distribution; therefore, their ACF is expected to be almost . zero at all angular scale. Figure 5 shows the ACF of stars. The amplitude of each angular bin is approximately zero, indicating that our sample are almost selected homogeneously.
Subsamples
We divided our sample into subsamples according to the Kband luminosity to investigate the luminosity dependence of the clustering properties. Two subsample sets were created: a cumulative luminosity resampling subset and a differential luminosity resampling subset. The former was for use in comparing the results with previous studies, in which cumulative luminosity subsamples were created due to the small limited of sBzK data. We divided our large sgzK sample into five subsamples, i.e., 18.0 K 21.0, 18.0 K 21.5, 18.0 K 22.0, 18.0 K 22.5, and 18.0 K 23.0. The sample number of each subsample are summarized in Table 3 .
With the cumulative subsample set, however, it was difficult to describe the clustering properties of sgzKs by their K-band luminosity because cumulative resampling dilutes the differences among luminosity subsamples. Taking advantage of the large number of samples, we also divided our sample differentially according to the luminosity to assess the Kband luminosity dependence of sgzK clustering. We divided our sgzK samples into three subsamples based upon their K-band luminosity, i.e., 18.0 K 21.0, 21.0 < K 22.0, and 22.0 < K 23.0, which allowed us to investigate how
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clustering and the physical properties of sgzK galaxies depend on the K-band luminosity.
Redshift Distributions and Completeness
We estimated the redshift distribution of our gzK-selected sample by applying the gzK selection method (including the filter corrections) to the K-selected COSMOS photo-z catalogue (Muzzin et al. 2013) . We assumed that the redshift distributions estimated from the COSMOS field (∼ 1.9 deg 2 ) were the same as our large (∼ 5.2 deg 2 ) field and that the cosmic variance was negligible.
We used z m2, which usually provides the most feasible zp, as described in the EAZY manual (Brammerr et al. 2008) in the COSMOS photo-z catalogue. We extracted galaxies with a K-band magnitude in the range 18.0 K 23.0 at 0 < zp < 3 and constructed a galaxy catalogue containing 79,284 galaxies. It should be noted that we excluded the galaxies with a large zp error, i.e., (|zp − z m2| > 0.5), where zp is the best-fit redshift determined using SED fitting. The number of excluded galaxies was 318.
We calculated the (g − zB) and (zB − K) colours using the best-fit SEDs and by estimating zp for each galaxy, and we derived the g-and zB-band magnitudes according to the K-band magnitude from the COSMOS photo-z catalogue. Artificial galaxies with assigned (g, zB, K) band photometries were then randomly distributed as point sources on the g-, zB-, and K-band images. A total of 6,000 distributed galaxies were randomly selected from the galaxy catalogue allowing for redundancy in each limiting magnitude. Source detection and sgzK colour selection were carried out as with our data, and we obtained the redshift distributions for each luminosity subsample by repeating these processes 100 times and averaging the results of all steps. Figure 6 and 7 show the redshift distributions that satisfy the limiting magnitudes of our subsamples. The redshift range that satisfies the sgzK criterion is 1.4 z 2.5, which indicates the validity of our colour corrections. Our redshift distributions are almost consistent with those of previous studies (e.g., McCracken et al. 2010; Fang et al. 2012) , though these are slightly shifted to lower z. This could be caused by the differences in the filters and the slight shallowness in the K-band of our sample. It should be noted that the brightest subsample (18.0 K 21.0) may be contaminated from low-z galaxies. We corrected for the effects of this contamination in the ACF for this brightest subsample by multiplying 1/(1 − fc) 2 , where fc is the contamination fraction (fc ∼ 0.2), assuming that the contaminating sources are not clustered each other. It should be noted, however, that this assumption is strictly incorrect for contaminated low-z galaxies, whose clustering amplitudes are difficult to be estimated. Other subsamples exhibited less contamination with low/high-z galaxies (fc < 0.1), and we did not apply a correction factor to these data.
The redshift distribution that we estimated using the above procedure shows the completeness of our sample. 
RESULTS AND DISCUSSIONS
We compare the results of our clustering analysis based on the cumulative luminosity subsampling with those of previous studies. We then show the results of the differential luminosity subsamples to reveal the luminosity dependence of the clustering properties.
Cumulative Luminosity Subsample
Angular Correlation Functions of Cumulatively Resampled sgzK Galaxies
The upper panel of Figure 9 shows the ACFs of each limiting-magnitude subsample. Bright sgzK galaxies were more strongly clustered than were faint sgzKs, which is consistent with previous studies (e.g., Kong et al. 2006; Hayashi et al. 2007; McCracken et al. 2010 ). The bin sizes of bright sgzK subsamples (18.0 K 21.0, 18.0 K 21.5) were doubled (δlog(θ) = 0.4) to gain the S/N ratio. Because of the accurate ACFs due to the large number of sgzK samples, our ACFs show an apparent excess from the power law at small angular scale (i.e., θ 0.01 • ). These characteristics are attributed to the so-called "1-halo term", which comes from galaxy clustering in the same dark halo. θ ∼ 0.01
• corresponds to 0.21 h −1 Mpc at z ∼ 2 at a physical scale and is comparable to the virial radius (∼ r200) of a dark halo at z = 2 with a mass of ∼ 10 13 M⊙, where the virial radius is r200 ∼ 0.12 h −1 Mpc. The virial radius of the dark halo was estimated using
where G is the gravitational constant, M200 is the virial mass of the dark halo ( The mean number of redshift bin with δz = 0.1 width is normalized to one. We extracted the galaxies at 0 < z < 3 from the COSMOS K-selected catalogue (Muzzin et al. 2013 ) and applied gzK selection as we did on our own galaxy sample. and H(z) is the Hubble parameter with a redshift z as given by
On the other hand, the ACFs at large angular scale (i.e., θ 0.01 • ) were well approximated by a power law with an index of γ = 1.8, referred to as the "2-halo term", which originates from galaxy clustering in different dark haloes. These two components can be accurately described by the halo occupation distribution (HOD) model, which predicts the galaxy distribution in the dark halo as a function of the halo mass. We will describe the results of HOD analysis of our sgzK galaxies in our paper II.
We also show the model prediction of the dark matter ACF at z ∼ 2 using the selection function of sgzKs with a limiting magnitude of 18.0 K 23.0. This dark matter ACF was computed using the nonlinear ΛCDM power spectrum (Hamana et al. 2004 , and the references therein).
The lower panel of Figure 9 shows the bias parameters of the sgzKs, which are defined as
The very wide-field gzK galaxy survey -I 9 where ωsgzK(θ) and ωDM(θ) are the amplitudes of the ACFs of sgzKs and dark matter at the angular scale θ, respectively. The values of our bias parameter were in the range 3 < b < 5 at the large scale, which is consistent with the results of Blanc et al. (2008) . The bias parameters were larger at small angular scales than at large angular scales, indicating the excess from the power law. By applying the least χ 2 fitting of the single power law (equation 15) with fixed γ = 1.8, we obtained best-fit values of the amplitude of the ACF at 1
• . We fitted the power law to the data for large angular scale (θ 0.01
• ) where the 1-halo term is negligible. Table 3 lists the resulting amplitudes of the ACF; we can see that the clustering amplitude is dependent on the K-band luminosity.
Our measurement of the amplitudes at 18.0 K 23.0 was Aω(1 • ) = (3.33 ± 0.09) × 10 −3 , which is larger than the value of (1.79 ± 0.17) × 10 −3 reported by Hartley et al. (2008) , as well as (1.27 ± 0.23) × 10 −3 reported by McCracken et al. (2010) . For 18.0 K 22.0, we found Aω(1 • ) = (3.83±0.14)×10 −3 , which is larger than the value of (3.14 ± 1.12) × 10 −3 reported by Blanc et al. (2008) and (2.12 ± 0.65) × 10 −3 by McCracken et al. (2010) . This deviation may be due to the fact that the survey area of the previous studies was too small to provide a high-quality signal at the large scale (θ > 0.1
• ). The ACFs reported in most previous studies were truncated at θ < 0.1
• or declined due to the effects of integral constraints. With our results, however, which are based on wide-field data, we calculated the ACF over a wide angular scale of 0.01
• < θ < 0.5
• , which enabled us to more accurately determine the amplitude, especially for the 2-halo term of the ACF. The amplitude of the ACF can be calculated from the large-scale galaxy clustering; the angular range was approximately 0.01
• , which makes it difficult to calculate the amplitude accurately if intermediate to large-scale clustering is not well determined.
In addition, Sato et al. (2014) pointed out that the clustering amplitude reported by McCracken et al. (2010) was weaker than those of the other studies. Sato et al. (2014) also presented the correlation functions, which is inconsistent with the result of McCracken et al. (2010) , at the COS-MOS filed, though the origin of this discrepancy was unclear.
The results of our brightest three bins were in good agreement with those of Kong et al. (2006) although the error bars for their data were relatively large. Blanc et al. (2008) attributed the large amplitude reported by Kong et al. (2006) to the effects of cosmic variance; however, our results, where the survey field was more than 10 times larger than that of Kong et al. (2006) , are less affected by cosmic variance. For this reason, we can calculate the amplitude of the ACF of K-bright sgzKs more accurately than Kong et al. (2006) were able to.
Clustering in Real-Space
The correlation amplitude of the ACF, Aω, can be transformed into the three-dimensional correlation length by assuming a redshift distribution, where the correlation length corresponds to the three-dimensional clustering strength. The redshift distributions we used are described in Section 3.2 (see Figure 6 and 7) .
The spatial two-point correlation function, ξ(r), is described in power-law form as follows:
where normalization factor r0 is termed the correlation length, and γ is the gradient of the power law. We assumed γ = 1.8, in a similar way as with the ACF. The conversion between the ACF and the two-point correlation function was implemented using Limber's equation (Limber 1953) . Provided that the redshift distribution is known, the amplitude of the ACF can be translated to the correlation length as follows (Peebles 1980; Efstathiou et al. 1991) :
The term Aω(1rad) corresponds to the amplitude of the ACF at θ = 1 radian, where Γ is the Gamma function, DA is the angular diameter distance, and N (z) is the redshift distribution, respectively. The function g(z) depends on the cosmological parameters and is given as follows:
F (z) is a function describing the redshift evolution of the two-point correlation function ξ(r), i.e.,
10 Ishikawa et al. where zc is the center of the redshift distribution. We assumed ǫ as ǫ = −1.2 (see also Ouchi et al. 2004b) .
The correlation lengths are listed in Table 3 , and Figure  10 shows a comparison of our results with those of previous studies. We found that brighter sgzKs have larger correlation lengths, which indicates that brighter galaxies reside in more massive haloes and exhibit stronger clustering. It should be noted that because of the large sample size, our results are characterized by smaller error bars than those of previous studies. Our results also show excellent agreement with previous studies over all magnitudes, with the exception of Hartley et al. (2008) . This discrepancy between the result of Hartley et al. (2008) and rest of the studies we compare may be caused by the inaccuracy of their sample selection (see also McCracken et al. 2010; Sato et al. 2014) . As discussed in section 4.1.1, our ACFs have higher amplitudes than the previous studies, whereas our correlation lengths exhibit good agreement with the previous results. This may be due to the slight difference of the redshift distribution, that is, our sample has a redshift distribution shifted to lower-z than the previous studies. We confirmed that the correlation length becomes smaller when the redshift distribution shifts low-z.
The correlation length for sgzKs with 18.0 K 21.0 were determined using the contamination-corrected ACF. Our correlation length of the brightest subsample is relatively large compared with the result of Kong et al. (2006) , which was not corrected for contamination; however, as shown in Figure 6 , the brightest subsample was more contaminated by the low/high-z galaxies and should be corrected accordingly. The difference in the correlation lengths can be explained by the lack of correction for contamination in the data reported by Kong et al. (2006) . 
Differential Luminosity Subsample
In this section, we show the results of clustering analysis on subsamples with different luminosities. Figure 11 shows the ACFs of sgzKs with different luminosities. The bin size of the brightest sgzK subsample (18.0 K 21.0) was increased to (δlog(θ) = 0.4) to increase the S/N ratio. The error of each data point was larger than that for the cumulative subsamples due to the smaller sample size; however, these ACFs clearly show dependence on the K-band magnitudes and have the apparent excesses at small angular scale, as was the case for the cumulative subsamples.
In the same manner as with the cumulative resampling, we fitted our sgzK subsamples using a power law to determine the amplitudes of the ACFs and the correlation lengths. These data are listed in Table 3 . Bielby et al. (2014) showed that the correlation length of a star-forming galaxy depends on the stellar mass, whereas the correlation length of a passive galaxy does not (or is only weakly dependent of the stellar mass), in combination with the results of Coil et al. (2008) , Bielby et al. (2010), and McCracken et al. (2010) . Figure 12 shows the relationship between the correlation length and the stellar mass for both this study and previous studies (Bielby et al. 2014; Béthermin et al. 2014) . We note that the stellar masses of our samples are estimated by their (z − K) colours and K-band magnitudes (see Section 4.3), whereas Béthermin et al. (2014) 
Dark Halo Mass Estimation by the Large-Scale Clustering of sgzK Galaxies
We calculated the dark halo mass residing in our sgzK samples using the results of our accurate clustering analysis. We used the analytical model proposed by Sheth et al. (2001b) and Mo & White (2002) , which has been shown to provide a connection between the bias of the dark halo and the mass of the dark halo based upon ellipsoidal collapse (Sheth et al. 2001a) , provided bias of dark halo and the redshift are given. We determined the amplitude of the two-point correlation function at r = 8h −1 Mpc , ξsgzK(8 h −1 Mpc), assuming a power-law form of equation (22) and the correlation lengths. We define the effective bias parameter b eff as
where ξDM(8h −1 Mpc) is the model predicted correlation function of dark matter at an effective redshift with a scale of 8h −1 Mpc of each subsample (Hamana et al. 2002 , and the references therein).
The bias of the dark halo can be calculated by the analytic formulae given by Sheth et al. (2001a) and Mo & White (2002) . Here, we give a summary of these models. We define the linear growth factor D(z) as
where g(z) depends on the cosmological parameters, i.e.,
Ωm(z) and ΩΛ(z) are the cosmological parameters at a given redshift, and they satisfy
where E(z) is given by
The bias of the dark halo with a mass of M , b(M ), is given by
where ν is defined by ν ≡ √ aδc/D(z)σ(M ) and we assume the constants to be a = 0.707, b = 0.5, c = 0.6, and δc = 1.69 (Sheth et al. 2001a ). The term σ(M ) represents the root mean square of the density field fluctuation with a mass scale M , i.e.,
and the redshift dependence is included via the linear growth factor, D(z). The term P (k) is the matter power spectrum and has a power-law index of n = 1. We calculated the power spectrum using the CAMB package (Lewis et al. 2000; Challinor & Lewis 2011) . The termW is a window function, i.e.,
and R is a Lagrangian radius of the halo, which gives the halo mass dependence, i.e.,
whereρ0 represents the current mean density of the Universe. We estimate the mean dark halo mass M h and the minimum dark halo mass Mmin from a comparison between the effective bias parameter and the bias of dark halo (see also Hayashi et al. 2007 ). We define the mean dark halo mass when the bias of dark halo with a mass of M h is equal to the effective bias, i.e.,
whereas the minimum dark halo mass is defined that the effective bias from equation (26) is equal to another expression of the effective bias as,
where n(M )dM is the halo mass function. Table 3 lists the dark halo masses. Our method to calculate the dark halo mass is based on the wide survey area and can thus be expected to be accurate, as the results depend strongly on the clustering signals at large angular scales. Our measurements satisfy M h ≈ 3Mmin over almost all limiting magnitudes, which is consistent with the results of Hayashi et al. (2007) , who reported that the mean dark halo mass is mainly determined by the less massive haloes, which are more numerous than the more massive ones. It should be noted that this measurement method of using large-scale clustering assumes that each dark halo must contain a single galaxy. This assumption may be erroneous, however, as massive haloes have been reported to contain multiple galaxies (e.g., galaxy groups/clusters in the local Universe), whereas less massive dark haloes may contain no galaxy at all. A more precise halo model, such as HOD, which describes the number of galaxies in the dark halo as a function of the mass of halo, may be beneficial to provide a more detailed description of the structure model. Bielby et al. (2014) and Béthermin et al. (2014) determined the dark halo mass by this method, though they divided their sample by the stellar mass. The (z − K) colour and K-band magnitude allowed us to estimate the galaxy stellar mass by using the galaxy model of Koyama et al. (2013 , and the references therein). The conversion equation from the (z −K) and K-band magnitudes of sgzKs to stellar mass is given by log(M⋆/10 11 M⊙) = −0.4 × (K − 21.90)
We note that this was derived by assuming the Salpeter IMF (Salpeter 1955) and that the formation redshift is z f = 5. The scatter in the stellar mass of each galaxy was ≈ 0.3 dex. We estimated the stellar mass of each sgzK using this equation and determined the average stellar mass, together with the standard deviation of each subsample. We find that the minimum mass of the dark halo that resides in sgzKs satisfying 18.0 K 23.0 is Mmin = (4.60 ± 0.38) × 10 11 h −1 M⊙ and the mean halo mass is M h = (1.23 ± 0.10) × 10 12 h −1 M⊙, which are approximately three times more massive than Hayashi et al. (2007) reported for K < 23.2. Additionally, Blanc et al. (2008) reported a minimum dark halo mass down to K 22.0 of Mmin ≈ 3 × 10 12 h −1 M⊙, which is also more massive than our estimation, i.e., Mmin = (8.45
11 h −1 M⊙. These inconsistencies may be caused by the shallowness of their K-band photometry data and the small sample size. We also compared our results with those of Bielby et al. (2014) and Béthermin et al. (2014) by calculating the stellar mass of each subsample. Our results were in good agreement in terms of the mean halo mass reported by Bielby et al. (2014) and Béthermin et al. (2014) over the entire stellar mass range. However, Bielby et al. (2014) only estimated the dark halo mass of the massive galaxies, M⋆ ∼ 10 11 h −1 M⊙, and the error bars of the dark halo mass given by Béthermin et al. (2014) were relatively large. Here, however, the dark halo masses of z ∼ 2 galaxies were determined for a wide range of K-band luminosities (and stellar masses), and we are able to provide relatively small error bars.
As discussed above, we succeeded in calculating accurate dark halo masses using large-scale clustering via our high-quality ACFs; however, it is essential to discuss the relationship between galaxy stellar masses and dark halo masses to reveal the star-formation history of galaxies. In our forthcoming paper, we will discuss the evolution of the dark halo mass, the number of satellite galaxies in the dark halo, and the relationship between the dark halo mass and the stellar mass using our accurate dark halo mass data (including the HOD-derived dark halo mass and the galaxy stellar masses) to describe the evolution history of the galaxies.
CONCLUSIONS
We have described the colour-correction method, the number count, and the clustering properties of sgzK galaxies. Using the g-band data instead of B-band data, we succeeded in applying the gzK selection method to a largest-ever wide field. Our survey area was 5.2 deg 2 (4.8 deg 2 after masking), which is ∼ 2.5 times larger than the widest BzK galaxy survey reported previously (McCracken et al. 2010) .
The conclusions of this paper can be summarized as follows.
(i) Based on wide-field observation, we collected 41,112 sgzK galaxies, which is approximately twice the number of sBzK galaxies reported by McCracken et al. (2010) . Because of the large number of galaxy samples, we obtained the highquality ACFs and report a more accurate clustering analysis compared with previous BzK clustering studies. Our ACFs show an apparent excess from the power law, which is indicated by the halo model. We resampled our large number of sgzK sample into cumulative luminosity subsamples and differential luminosity subsamples to investigate the dependence of sgzK clustering properties on the K-band magnitude.
(ii) We found that the amplitudes of the ACFs determined using our cumulative luminosity subsamples were larger than those of previous studies. The amplitude of the ACFs is determined using the large-scale clustering of galaxies, and our ACFs have particularly large signals because of the wide survey area. This is the principal reason that the amplitudes of our ACFs may be considered more accurate that those of previous studies.
(iii) We calculated correlation lengths using the amplitudes of the ACFs, which are in good agreement with the results of previous studies, except for Hartley et al. (2008) . The error bars of our correlation lengths are small compared with those of previous studies because of the high S/N ratio.
(iv) We found that correlation lengths calculated using our ACFs are dependent on the K-magnitude, i.e., brighter sgzKs in the K-band have a large correlation length, which is consistent with the results of many previous studies. It follows that bright sgzKs reside in massive dark haloes, which shows a agreement with the correlation between the correlation length and the dark halo mass inferred by Hayashi et al. (2007) and Béthermin et al. (2014) .
(v) The dark halo masses were estimated from the largescale sgzK clustering with small error bars and confirmed that our dark halo masses are in agreement with those of Bielby et al. (2014) and Béthermin et al. (2014) . 
